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We obtain the effective interaction Chgg, which is driven by the fluctuations of the top quark, as a function of the 
top quark chromomagnetic factor Kt- We show that for 7^ 2 the Higgs-to-two gluon, h — )■ gg, decay rate is always 
significantly suppressed as compared to the standard case Kt = 2, which would be contributing 0(8.5%) of the total 
.Higgs decay width. We show that h ^ gg rate can vanish due to the negative interference with the bottom quark 
"vacuum fluctuation amplitude. We discuss potential paths to obtain experimental information for the h ^ gg rate. 
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Introduction: The Higgs-two-gluon coupling is an ef- 
fective interaction originating in vacuum fluctuations of 
the top quark and to a lesser extent bottom quark. Conse- 
quently, the two gluon decay h ^ gg probes physical prop- 
erties of the top quark, the heaviest standard model (SM) 
particle. The top chromomagnetic moment holds special 
interest because of the top's generally-recognized sensitiv- 
ity to beyond standard model (BSM) physics y[|] and mag- 
netic moments being a probe of non-pointlike character 
of quarks Both chromomagnetic and magnetic dipole 
moments are also sensitive to BSM input from physics at 
a mass scale beyond mt 0]. 

For a pointlike spin-1/2 top quark in the heavy quark 
limit rrit ^ m/i, the h ^ gg amplitude and decay rate are 
derived from the effective Lagrangian (see Eqs. (2) & (9) 
of [3, also Eq. (27) of 0]) 

Ugg^-bo{nt)^-\TTG'^'^G,, (1) 
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where bo is the QCD /3-function coefficient arising from 
the top contribution to vacuum polarization, which is a 
function of quark chromomagnetic factor Kt , but is usually 
evaluated for the case of Kt = 2. h is the dynamical Higgs 
field, V — 246.2 GeV the Higgs vacuum expectation value, 
as = 5s/47r ~ 0.108 the QCD coupling constant at top- 
quark scale, and G^i, = G°^<° the gluon field strength 
tensor. 

In this work, we obtain bo{Kt 7^ 2) in Eq. ([1]) explic- 
itly as a function of the top quark chromomagnetic ratio 
and discuss the effect 60 ('^t 7^ 2) has on the leading order 
h ^ gg decay amplitude. The chromomagnetic factor Kt 
is the dimensionless parameter controlling the size of the 
chromomagnetic moment 



where mt — 173.5 GeV is the top mass, [it is defined par- 
alleling the QED magnetic moment, assigning to Kt the 
role of a chromomagnetic "(7-factor." Correspondingly, in 
a theory describing the top with the Dirac Lagrangian and 
at tree- level Kt = 2, as seen by squaring the Dirac opera- 
tor 757''n^ = l^l^ij-dp. + 9st°-A1j^) with H the Hermitian 
momentum operator with minimal gauge coupling in the 
covariant derivative. 

The 'conventional' anomalous Kt ^ 2 arises from quan- 
tum corrections within the SM. The unit strength the top- 
Higgs coupling (expressed by the high top mass) offers a 
unique opportunity for 'conventional' modifications of Kt- 
Considering the fragmentary knowledge of how either SM 
or BSM physics modifies Kt, we consider the anomalous 
chromomagnetic moment a parameter that can be deter- 
mined from experiment (6|-|9| and from theoretical stud- 
ies flM3- 

Top quark bo(Kt) function: Figure [1] exhibits the 
diagrams describing top and bottom quark fluctuations 
leading to the Higgs-two gluon effective coupling. The 
top quark contribution is related to its contribution to 
the renormalization group /^-function of the QCD cou- 
pling 0, , manifested in Eq. ^ by 60 being leading order 
coefficient in the perturbative expansion of the /^-function, 
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We take the bottom quark contribution as given by the 
SM, considering modification of the bottom chromomag- 
netic moment likely to be smaller. For this reason, only 
standard vertices appear in figure [TJb). 

To calculate 60 with the top chromomagnetic moment 
as a free parameter, we use a second-order theory of fermions, 
which has been investigated in context of QED perturba- 
tively [13] and non-perturbatively In this approach. 
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Figure 1 : The dominant leading-order diagrams generating the effec- 
tive Higgs-to-two gluon hgg couphng: a) top and b) bottom quark 
loops. One top-gluon nonperturbative vertex has a shaded circle to 
signify that we consider a general value of the top chromomagnetic 
moment, c) The 2nd order theory additional diagram including the 
two top two gluon vertex. 




Figure 2: The bo coefficient of the QCD /3 function contributed by 
the top quark normalized to its value at Kt = 2. 



the top is described by the (effective) Lagrangian 

Aop = V' ( n - - — — j V' (4) 

where cr^iy = (i/2)[7p, j^]. A second-order theory has been 
discussed for calculating helicity amplitudes including top 
anomalous dipole moments, and Eq. (27) of [1,5] makes it 
clear that Eq. (|4]) would be connected to the first order 
(Dirac) theory by a non-perturbative summation within 
QCD. 

When developing the perturbation expansion, the 2nd 
order theory Eq. generates a two-top to two-gluon ver- 
tex and hence an additional diagram (c) in figure [TJ The 
added complexity of the perturbation theory is avoided by 
using the low energy theorem Eq. ([T]) d [Hj. Note that in 
the 2nd order theory, no new scale has appeared to compli- 
cate the renormalization group running or possibly limit 
the validity of our result, because the coefficient of the 
magnetic moment operator is dimensionless /tt/2. 

The one-loop contribution to the QCD /3-function can 
be obtained using the external field method [l^, ■ At 
one fermion loop, that calculation is parallel to the one 
performed in QED. One need only modify the QED re- 
sult by introducing a factor 1/2, which arises from the 
trace of two Gell-Mann matrices at the top-gluon vertices 
tr(rt'') = S''''/2. Following the steps in [16], one arrives at 
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The —2/3 factor separated in front is the well-known value 
of bo for Kf — 2. Eq. ([5]), normalized by 6o(2) = —2/3, is 
shown in Fig. [21 

The functional dependence on Kt has been obtained in 
the QED calculation us ing two independent methods: per- 
turbative computation [13| and external field method |14| . 
The latter method has been extended to large values of 
\Kt \ > 2 where 6o(«^t) is periodic outside the domain — 2 < 



Kt < 2. Naive expectation is that the QCD bo coefficient 
is similarly a periodic function of Kt, in which case = 2 
is a maximum of bo and consequently also of the h gg 
amplitude. The behavior of 6o('*t) for \Kt\ > 2 requires 
further study beyond the scope of this paper, and seeing 
that perturbative evaluation within the SM suggests that 
Kj — 2 < (Eq. (ITOl) below), we continue assuming this is 
the interesting case. 

An important feature of 6o(Kt) is that it changes sign at 
Kt = ±2/ and hence is positive for | Kf | < 2/ -\/3. This ef- 
fect is due to the decreasing strength of the paramagnetic 
spin term as Kt diminishes [l^l- If in fact < 2/-\/3 
the pattern of interference between the top quark and the 
lighter quarks changes: for all other quarks 6, c... the per- 
turbatively evaluated triangle diagram Figure (Hb) yields 
a positive amplitude, opposite in sign to the top loop. If 
the top loop contribution is positive, along with all the 
other quark loops, the overall Higgs-gluon coupling will 
have the "wrong sign" , a possibility recently noted may 
have a destabilizing impact on the SM [l9j . 

Kt dependent decay width: At leading order, the 
h ^ gg decay width is (see Eq. (21) of Q) 
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where Fq is a complex form factor for each quark, in gen- 
eral a function of the ratio x = Am'^/m^. Calculating 
the decay rate from Chgg and comparing to Eq. ^ , one 
finds the form factor Ft goes into the /3-function coeffi- 
cient. With the Higgs mass at m/j ~ 125.5 GeV, evaluat- 
ing the amplitude with Ft — )■ bo means an error of a few 
percent relative to the result from the exact loop ampli- 
tude 0, [i]. Thus, although the ratio m^/4mj ~ 0.13 is 
not especially small, the heavy quark limit allows a good 
estimate of the leading-order contribution. Higher order 
QCD corrections to Eq. ([6]) are significant, next to lead- 
ing order diagrams contributing ^ 65% enhancement 
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Figure 3: Higgs to two gluon h gg decay rate normalized to its 
value at Kt = 2. 



Recent calculations have been extended to next-to-next- 
to-leading order including soft gluons to next-to-next-to- 
leading logarithms |20|. E lectroweak corrections amount 
to a couple of percent '21']. 

The bottom quark vacuum fluctuation is included, be- 
cause it makes a contribution to the amplitude opposite 
in sign to the top, and consequently interference with top 
quark amplitude is important. Neglecting charm and lighter 
quarks, which make tiny quantitative changes compared to 
bottom, the total form factor in Eq. (O is 
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The /3-function coefficient bo is given by Eq. ([S]) and the 
bottom contribution is the x — Aml/mf^ dependent func- 
tion (see Eq. (21) of (3 or Eq. (3) of 0), 



.T < 1 



Fix) = <! V V 1 . , 

:{{x - 1) arcsin^(a;"i/2) - l) x>l 

For nib = 4.5 GeV, Fb is opposite in sign and about 17 
times smaller than the top quark contribution (at nt = 2). 

Fig. 13] shows the Kt dependence of the total h gg 
decay rate, normalized to its value at Kt — 2^ 
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The rate falls quickly for Kt < 2 (see below Eq. ([TU])), and 
for \Kt\ — 1.22 the leading order decay rate goes to zero. In 
reality, F probably does not vanish exactly due to higher 
order diagrams becoming the dominant contributions — 
recall that QCD corrections alone are known to be large 
at next-to-leading order. Adding the contributions of the 
other light quarks c,s... would, however, only change the 
value of Kt at which the leading order F — )• 0. 



Experimental considerations: Our approach com- 
puting with Kt as a parameter and obtaining an analytic 
result allows input from constraints derived from inde- 
pendent experiment (e.g. hadronic top pair production) 
and facilitates study of standardized contributions from 
beyond Standard Model physics. Estimates of Kt based on 
various SM and BSM input assumptions can be found in 
literature. 

The one-loop perturbative SM prediction is (see Eq. (4) 

ofM) 



Kt-2 = -5.6 10" 



(10) 



which would lead to a 9% decrease in the Higgs decay 
rate. However, higher order QCD and virtual Higgs can 
yet make equally important and coherent contributions to 
the amplitude resulting in a possible major departure of 
the h ^ gg decay rate from prior expectations. Thus irre- 
spective of the eventual presence of new physics, we believe 
that the expected magnitude of the decay of Higgs to glu- 
ons is significantly modified. Conversely, the measurement 
of partial branching ratio of /i — > gg would amount to a 
step towards the measurement of the top-quark chromo- 
magnetic moment. 

Constraints on Kt have been considered already in the 
study of the top quark production According to 

Eq. (18) of 0, present data sets a bound \Kt — 2\ < 0.2, 
which could mean that the decay rate is reduced by up 
to 25%. Considering that many more diagrams (4- gluon, 
6-gluon... fusion) contribute to top production, this is just 
a first step in a more elaborate evaluation of the role of Kt 
in top production. The radiative decay b — >• 57 has also 
been discussed as providing constraints on Kt [la, El- 
Having shown that Kt ^ 2 induces a dramatic modi- 
fication the h ^ gg decay rate, we now discuss a means 
of seeing this effect in experiment. We argue next that, 
for Higgs produced at rapidity \y\ > 2, the h ^ gg decay 
hadron jets may be separable from randomly correlated di- 
rectly produced QCD jet background. Moreover, iih^ gg 
is visible, it is sure that another reference decay channel 
with which one can compare is visible as well allowing to 
measure the relative strength of the glue decay channel. 

The two decay gluons produce two hadron jets back-to- 
back in the rest frame of the Higgs carrying the significant 
invariant mass ~ 125.5 GeV. While this characteristic 
may be insufficient to separate the Higgs from the random 
hadron jet background at central rapidity, we suggest to 
consider events sourced by Higgs particles having rapid- 
ity \y\ > 2, that is Lorentz factor 7 > 3.8. These may 
be numerous enough given that > 25% of Higgs are ex- 
pected to be produced with \y\ > 2 according to Fig. 3 
of [2^. The total energy of the CM frame of back-to- 
back jets is boosted by 7 towards and beyond jnit > 500 
GeV. Since the transverse momentum of the produced 
Higgs is expected to be small (a majority of events at 
Pt ^ O.SmH [11]), the total transverse momentum of the 
jets will be on average an order of magnitude smaller com- 
pared to the boosted longitudinal momentum. The mo- 
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mentum of \y\ > 2 Higgs decay jets is conveniently pro- 
jected along the collision axis. 

Higher order processes contribute to the probably sig- 
nificantly smaller (incoherent) yield of 4-gluon, 6-gluon, 
etc. decay events which will depend on the chromomag- 
netic moment as well. If the suppression of the 2-gluon de- 
cay is large, further consideration should be given to these 
multi-jet decays with regard to their sensitivity to the chro- 
momagnetic moment. However, their yield is smaller and 
the experimental detectability diminishes due to reduced 
correlation between decay jets creating a higher random 
jet background. 

Discussion and conclusions: Though Higgs-two- 
gluon decay is challenging to measure, our study high- 
lights the significant fundamental interest in arriving at 
a precise result for this decay channel. The motivation 
arises from the connection made here between the Higgs- 
two-gluon decay rate and the top quark chromomagnetic 
moment, which among today-measurable parameters is ar- 
guably the most sensitive to BSM effects. For example, a 
common change in magnitude of the magnetic moment of 
all quarks Eq. ([2]) would most influence the Bohr magne- 
ton of the heaviest quark, since its natural scale 1 /rrit is 
smallest by a large factor. 

This study extends our previous work on the electro- 
magnetic top magnetic moment and its effect on Higgs- 
two-photon decay, which also depends on the top-quark 
vacuum fluctuations f22!| . The sensitivity of the respective 
processes and the experimental opportunity differ: The 
two photon decay is a tiny but well visible 0.2% contri- 
bution to the total Higgs decay, in which process the top- 
quark plays subordinate role to the M^-fluctuations. Even 
so, modification of the top magnetic moment can lead to 
significant enhancement of the decay process. In compar- 
ison, the SM prediction is that a scalar Higgs at mass 
nih — 125.5 GeV decays in about 8.5% of cases into two 
parallel polarized gluons which turn into hadron jets. 
The two gluon decay is thus relatively large and sensitive, 
because modifications of the now dominant top-quark can 
drastically reduce the decay rate. Change of top chromo- 
magnetic properties can thus affect the total decay rate by 
up to 8%. 

The Higgs production process by gluon fusion also in- 
volves heavy quark vacuum fiuctuations and is subject to 
modification induced hy Kt 2 we described. However, 
the magnitude of the modification of Higgs production 
cross section does not follow directly from our present con- 
siderations: higher order 2n-gluon fusion processes with 
n > 1 are important and contribute coherently. A consid- 
erably more detailed investigation is needed to understand 
the influence of Kt in the realm of Higgs production. 

To summarize, we have argued that the chromomag- 
netic moment of the top quark offers an opportunity to 
search for quark compositeness and BSM physics. We have 
considered the top chromomagnetic moment nt a param- 
eter, and have shown the dependence of the leading order 



Higgs- two-gluon interaction Chgg on nt- Due to the dom- 
inant role of the top in the effective Higgs-glue interac- 
tion, we obtain a large sensitivity of the Higgs-two-gluon 
h ^ gg decay to the top chromomagnetic moment: even 
the one-loop SM estimate of Kf — 2 leads to a 10% sup- 
pression of the 2-gluon decay channel, and a much larger 
effect could result from quark compositeness or other BSM 
physics. Conversely, absence of visible effect may push 
the associated BSM energy scale up significantly due to 
the hyper-sensitivity of particle magnetic moment to new 
physics 0, Finally, we have discussed potential op- 
portunities to search for the 2-gluon decay process among 
correlated high energy hadron jets originating from \y\ > 2 
Higgs production. 
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